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SUMMARY

The human intervertebral disc is a highly inhomogeneous fiber
composite pressure vessel. If damaged in the post-infant stage, the
disc does not repair and may need suraqical correction. Diagnosis
of whether a disc is damaged is difficult at best and, at this time,
involves invasive techniques which are not free of danger (injection
of x-ray opaque liquids). Starting from a desire to develop a non-
invasive diagnostic technique based on x-ray and computer aided
image enhancement, we became interested in the mechanical properties
of the disc. These would be important in gaging the x-ray detected
deformations of the disc under various loads. During the course of
this work we became aware of another need of diagnostics related
to estimating the proclivity of an intact disc to sustain damage
under unusual loads. It turns out that the water content of the
disc material dominates its mechanical behavior. Since modern
medical eaquipment such as the EMI-x-ray body-scanner may record
quantitatively the water content of the internal body organs,
the possibility exists to gage in-vivo water content measurements
with the mechanical performance of discs.

Because the layers of the disc's annulus fibrosus are so
thin, we have had difficulty in preparing single-layer specimens.
So far, we have worked mainly with three-layer specimens. That
test geometry has been sufficient to establish several important
aspects of the mechanical properties.

We find that the relaxation behavior is very sensitive to
moisture content. Accordingly we have worked with carefully
controlled environments including saline solutions claimed to
represent body conditions. A major difficulty in obtaining
repeatable results is obtaining straight test specimens and
holding them in the clamps of the testing apvaratus. If moisture
and temperature conditioning was repeated without reclamping
the specimen, reasonably repeatable results were obtained. No
aging was observed after repeated drying and moisturizing cycles.

We also found that water diffuses slowly in the layers. The
water apparently acts similar to a solvent in a polymer, effecting
a change in the relaxation times. 1Increasing water content causes
shortening of relaxation times, drying having the opposite effect,
Upon controlling the water content of the specimen we are thus able
to measure the relaxaticon behavior in various time domains. Data
covering a wide spectrum of relaxation times is presented which
includes all time scales experienced by the human body. This
mechanical characterization gives us an astimate of how discs
respond to different rates of deformatic.. and loading conditions.

It is of interest to note that with age (past age 30) the
moisture content of the human disc decreases (possible other changes
involving increased cross-link density of the mucopolysaccharides
as well as an exchange of mucopolysaccharides for collagen). As a
result one would expect the human intervertebral disc to react more
stiffly with increasing age under nearly constant rates of deform-
ation. Combining this observation with the changes in the vigor of
motor muscle activity as a function of age allows a tentative explan-

ation of the statistic that the largest incidence of disc problcms
occur around age 40-50.
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I. INTRODUCTION

The human spine consists of a series of vertebrae which are
separated from each other by intervertebral discs and surrounded by
ligaments and muscles. The main mechanical function of the spine is
to support the upper body and transmit the weight/force to the legs.
The discs, which contribute approximately one-quarter to one-third
of the overall length of the spine, allow deformations of the spine,
and act as energy absorbers. The low back region of the spine,
known as the lumbar region, is subjected to most of the load
which may cause disc problems. Since a large percentage of the
world's population suffers from back disorders, these problems
are important in present-day society from both social and medical
points of view. It has been reported that in the United States
alone, 6.5 million people have back or spine impairments, and
about 500,000 workers pver year suffer back injuries (Refs. 1 and
2). However, detailed statistical information is not available

to us at this time.

A frequent problem is that of the "herniated disc" or
"annular rupture,”" often improperly called "slipped disc," which-
is defined as the extrusion of the jelly-like material from the
center of a disc (nucleus pulposus) through the disc wall (annulus
fibrosus). This extrusion occurs most frequently in the posterior
portion of the disc. Although it rarely results in death, morbidity

is high, inconvenience great, and economic burden significant.

n




Some of the known causes of disc herniation are:

(1) Improper weight lifting (This is a major source of dis-

ability, suffering, and expense to industrial workers.)

(2) Any fall in wnich the lower extremities slip forward,

causing a person to land directly on his buttocks.

(3) Cyclic stress (i.e., "marching stress" in people

marching under heavy packs for an extended time period).
(4) Improver posture for an extended time period.
(5) Jet pilot seat ejection.
(6) Paratrooper landing.

(7) Snowmobile and horseback riding injuries which can occur
when the buttocks repeatedly impact the seat during a

rough ride.

All of these causes may result in lumbar disc herniation
problems, such as annular rupture or end-plate rupture which results
in what is known as Schmorl's node; these problems are discussed
in detail in Section III-3. Furthermore, the traumas caused by
automobile accidents, certain athletic activities (where improper
twisting and bending may occur), some kinds of dancing, and the
influence of age are considered as additional significant factors

in the occurrence of this problem.

In combatting these lumbar disc problems, reliable diagnostic

methods are needed for their identification. Presently, the

12
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technigues in use are exterior or superficial physical examination
and conventional radiograms of the lumbosacral spine. Neither of
these has proved to be really satisfactory. Let us briefly look

at these technigues and their limitations.

The exterior ohysical examination is based on testing joint
motions in the back and the legs. 1In addition, the neurological
activity is checked by testing the muscle and sensory activity.
However, although low back pain is a very well-recognized symptom,
disc herniation may occur at sites where nerve roots do not exist,

so that pain is not always associated with this problem.

On the other hand, conventional diagnostic radioqrams, necessary
in the clinical evaluation of all patients with such oroblems, are
based on qualitative visual measurements of the space between
vertebral bodies. Unfortunately, these measurements as well as
more accurate ones do not give a satisfactory correlation to
clinical studies (Ref. 13). That is, in the majority of patients,
the specific cause of low back symotoms is not always clearly
demonstrated by these radiograms. 1In addition, these radioarams
can show, very faintly, some features of the intervertebral disc
only if properly taken., Presently, the only way to improve the
diagnosis of such problems is by the use of contrast-producing
materials. More precisely, a better visualization of the spinal
canal, and indirectly of the disc, is usually achieved by means

of myelographic (Refs. 3 and 4) studies (injection of contrast

material in the lumbar subarachnoid, or spinal canal space).

13
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In addition to myelography, discography (injection of contrast

material into the nucleus pulposus via a needle) is used when more
detailed information regarding the intervertebral disc itself is
required (Refs. 3 and 4). Both techniaues are "invasive"; that is,
they require the penetration of foreign substances into the body and,
as such, are potentially dangerous to the individual and may cause
significant discomfort during and after the examination. There

are many oossible side effects associated with these examinations,
(See Section III-4 for details.) One alternative to myelography

is the use of electromyography which is used to define the specific

nerve root or roots involved as manifested by changes of electrical
potential of muscles (Refs. 3 and 4). Neither of these methods

is foolproof; therefore, there is a great need for the development
of noninvasive diagnostic techniques that would be safer and more
accurate than the existing ones.

It was recognized that another approach would be to attempt
computer enhancement of conventional radiograms by means of digital
image processing techniques without the use of contrast materials.
These techniques, developed in connection with the space program,
have been apolied to the analysis of diagnostic radiograms in a
number of recent investigations (Refs. 6-9). They help to emphasize
selected features, modify the contrast range, remove unwanted
data, perform desired measurements, and detect differences between
pictures. They are most useful where specific dimensions have
clinical significance. Therefore, we also reoort on the utili-
zation of such a technique for the detection of the human inter-

vertebral disc edges from conventional radiograms of the spine.

14
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The diagnostic information recorded in such radiograms of
the disc is difficult to be extracted with the unaided eye. However,
as it is demonstrated by this study, the application of digital
image processing techniques can provide an improved visualization
of the human disc. We believe that this is important in that
it opens a new and safer approach in the detection of disc problems.
It is needless to say that this diagnostic information is greatly
needed by the neurosurgeon and orthovedist surgeon prior to disc

surgery.

At this point, we feel it is worth mentioning that the
disc herniation is primarily a mechanical problem of failure and
the vroclivity to herniation with age depends on the biochemical
changes that occur in the material of the disc during its maturation
process, However, a careful mechanics-based analysis of failures
adequate to the need is not available today. It seems to us that
the treatment, as well as the possible prevention of the disc
herniation problems, would be greatly aided by an improved under-
standing of the mechanical behavior of the human intervertebral

disc under various modes of deformations of the human spine.

A review of the work done in this field (see Section III-6-a)
has shown that, so far, experimental work on the human intervertebral
disc has been carried out on autopsy specimens, such as seqments
of the spine consisting of two vertebral bodies with their inter-
vening disc or small sections of the annulus fibrosus (Ref. 1).

Most of these experiments were intended to obtain mechanical prop-

erties of the total disc, assuming that the disc material exhibits

15
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EliEEiE behavior. However, to the best of our knowledge, only
three experiments (Refs. 10-12), not including our experiments,
recognize the viscoelastic behavior of the disc. To date, no

use has been made of this observation in performing structural

analyses of the disc.

In studying the viscoelastic properties of the disc, we
observed that the water content of the disc material is important
in that it controls the relaxation behavior of the material.

This was done by subjecting small sections of the disc's lamellae
to simple tension tests. Based on these requirements, as well

as on data obtained from a literature review, and on the fact
that the water content of the disc decreases with age (Refs.
23-27), a qualitative hydrorheological model for the behavior

of the disc's material is oroposed. This model, although
qualitative, provides the basis for discussing the maturation

of the disc. It is our intention to quantify and check the
validity of this model in future studies. We expect that the
long term medical significance of this work will be in the

fields of preventive and diagnostic medicine.
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II. OBJECTIVES

The overall objective of this research is to advance the
oresent knowledge of the physiology of the human intervertebral
disc and subsequently of the spine. 1In our immediate past work
we have therefore determined, in-vitro, the viscoelastic material
properties of sections from the annulus fibrosus of human lumbar
intervertebral discs. 1In addition, an attempt was made to visualize
the human intervertebral disc from conventional radiographic

data without injection of contrast material.

17

T ———
B ik, D st S i . b W




III. BACKGROUND
1 1 Anatomical Review

a.’ The Human Spine

The human vertebral column is formed by a series of 33
vertebrae:

(1) 7 cervical (neck region)
(2) 12 thoracic (chest region)
3y 5 lumbar (low back region)
(4) 5 sacral

(5) 4 coccygal.

The cervical, thoracic, and lumbar vertebrae remain distinct
and separate from each other throughout life. They are considered
as movable vertebrae and are separated from each other by inter-
vertebral discs. In contrast, adult sacral and coccygeal vertebrae
are fused with each other to form two bones, the sacrum and the
coccyx. Figure 3.1 shows a lateral view of the vertebral column
in the erect position together with the names and locations of

its basic constituents.

b. The Intervertebral Disc
The intervertebral discs contribute between a quarter

to one-third of the overall length of the vertebral column.

It is customary to distinguish three domains of the disc,
though the demarkation of these domains is not sharo:
(1) The annulus fibrosus
(2) The nucleus pulposus

(3) The cartilaginous end plates.
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COCCYX

Figure 3.1.

CERVICAL CURVE (C, -C,)
(CERVICAL LORDOSIS CURVE)

THORACIC CURVE (T,-T,z)
(DORSAL KYPHOSIS CURVE)

LUMBAR CURVE (L, -L5)
(LUMBAR LORDOSIS CURVE)

PELVIC CURVE
(SACRUM)

Lateral View of the Vertebral Column
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Each disc is named by the two surrounding vertebrae; for example,

the disc L4-L5 is surrounded by vertebras L4 and LS.

1) The Annulus Fibrosus

The annulus fibrosus is the outer fibrous part of the inter-
vertebral disc (Figures 3.2(b) and 3.2(c)). Although it has been
reported (Refs. 3 and 4) that the annulus fibrosus is formed
by 12-14 concentrically arranged lamellae, in our laboratory we
have observed that this number may be of the order of 30-50. A
lamella is defined as a layer from the disc's annulus fibrosus
in which collageneous fibers are contained in a mucopolysaccharide

matrix.

In order to give an approximate representation of the lamellar
arrangement as far as the direction of the fibers is concerned, let
us consider two adjoining lamellae. 1In each lamella the fibers
run approximately parallel to each other. In one the fibers
form an angle (Refs. 14 and 15) of approximately +50° to +60° with
respect to the disc axis as illustrated in Figure 3.2(b); in
the next one the fibers form an angle -50o to -600. Figure 3.2(b)
gives a simplified schematic representation of the layered structure
of the inhomogeneous disc. The two microscopic views presented
in Figures 3.3(a) and 3.3(b) show the arrangement of the fibers
for the cases of a single lamellz and two adjacent lamellae,

correspondingly.

In the lumbar region the lamellae vary in thickness from
tenths to several millimeters (Ref. 10). It is thicker anteriorly
(front of the disc) where the lamellae are more numerous than

posteriorly (rear of the disc). It is worth mentioning that
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some interweaving is present between adjoining posterior
lamellae (Ref. 16). The outermost lamellae attach themselves
to the bony edge of the vertebral body (bony epiphyseal ring)
while the rest continue into the cartilaginous plates. 1In
the front, intimate connections exist with the anterior long-
itudinal ligament, while the posterior lonqitudinal ligament

is less firmly attached to the annulus (Ref. 3).

CARTILAGINOUS
END PLATE

)
%

7

ANNULUS
FIBROSUS

NUCLEUS
PULPOSUS

VERTEBRAL
BODY

| (L4 I

VERTEBRAL
BODY
(L5

DIsC
ANNULUS
FIBROSUS

ANTERIOR

OISC AXIS

@)

®)

(c)

Figure 3.2 A Schematic Representation of the Human
Intervertebral Disc and Vertebral Bodies

2) The Nucleus Pulposus

The nucleus pulposus is centrally situated (Figures 3.2(b)
and 3.2(c)) it consists of a three dimensional network of non-
oriented collagen fibrils enmeshed in a mucoprotein gel and

occupies about 25-50% of the disc volume (Refs. 3 and 4).
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(a) Single Lamella

Figure 3.3.

(b) Multiple Lamellae

Direction of the Fibers Via Microscopic Pictures
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3) The Cartilaginous End-Plates

The cartilaginous er -plates (Fig. 3.2(c)) connect the
disc with the vertebral bodies above and below. Peripherally

they are attached to the bony epiphyseal ring (Refs. 3 and 17).

4) The Disc Shape and Dimensions

The disc is somewhat kidney-shaped. However, it appears
that the pattern of the disc shape varies considerably from
individual to individual or even in the same individual. The
following parameters shown in Figure 3.4 are normally used to
characterize the disc's geometry. They are its major diameters
(B, b), its minor diameters (D, 4) and its height(h). 1In Table 1.
some measurements for these parameters taken from radiographs

of lumbar intervertebral discs are oresented.

NUCLEUS (n)

Figure 3.4 Parameters Characterizing the Disc's Geometry
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Table 3.1. Typical Lumbar Intervertebral Disc Dimensions

Disc Major Diameter Minor Diameter Vertical Disc
Level (cm) (cm) Height (cm)
Disc Nucleus Disc Nucleus

L1-L2 5.26 2.83 3.81 1.78 .69

| L2-L3 5.46 2.67 3.81 1.55 .87

|

i L3-L4 2.57 2.64 3.58 R B0 .82
L4-L5 5.59 2.54 3.86 1.49 .96

ot The Vertebral Bodies and the Ligaments

1) The Vertebral Bodies

The somewhat kindey-shaped vertebral body (Fiqure 3.5)
consists of an outer shell of dense bone about 0.5 mm thick.
The inner portion of the body is composed of trabecular or spongy
bone. Its upper and lower flattened, slightly concave surfaces
are covered by the vertebral end plates which are avproximately

1 mm thick (Refs. 3 and 17).
2) The Ligaments

The vertebral bodies and the intervertebral discs are
surrounded by fibrous bands in tension called ligaments. The

names and locations of these ligaments are shown in Fiqure 3.6.
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SPINOUS PROCESS

INFERIOR ARTICULAR PROCESS
LAMINA

TRANSVERSE PROCESS

SUPERIOR ARTICULAR PROCESS PEDICLE

(a) Top View

PEDICLE

SUPERIOR ARTICULAR PROCESS
TRANSVERSE PROCESS

SPINOUS PROCESS

INFERIOR ARTICULAR PROCESS LAMINA

(b) Side View

Figure 3.5. A Typical Lumbar Vertebra
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LIGAMENTUM
FLAVUM

Y
4\
,lltl\\\

POSTERIOR
LONGITUDINAL
LIGAMENT

VERTICAL
CANAL

LATERAL LIGAMENTS

ANTERIOR
LONGITUDINAL
LIGAMENT

(a) Top View

LIGAMENTUM
FLAVUM

ANTERIOR
LONGITUDINAL
LIGAMENT
INTERSPINAL
LIGAMENTS
SECTION OF THE
LATERAL LIGAMENT
POSTERIOR
LONGITUDINAL
LIGAMENT
(b) Side View
Figure 3.6. The Ligaments
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(1) The Anterior Longitudinal Ligament. The anterior

longitudinal ligament (Fiqure 3.6) is a broad strong
band of fibers extending along the anterior surfaces
of the vertebral bodies. Essentially, it consists
of 3 layers of dense fibers, all of which run in a
longitudinal direction. The innermost layer extends
from one vertebrae to the next, adhering intimately
to the intervertebral discs and the epiphyseal ring.
It blends with the outer fibers of the annulus and
cannot be separated from it easily. The middle layer
extends between 2 or 3 vertebrae, and the outermost
is the longest and extends over 4 or 5 vertebrae
(Refs. 3 and 17).

(2) The Posterior Longitudinal Ligament. The posterior

longitudinal ligament (Figure 3.6) lies within the
vertebral canal, extending along the posterior surfaces
of the vertebral bodies. It consists of 2 layers;

the outermost layer extends over 3 or 4 vertebrae,

and the inner layer extends between adjacent verte-
brae. It is considered to be a much more delicate

(thinner) structure than the anterior one (Refs. 4

and 17).

(3) The Lateral Vertebral Ligament. The lateral vertebral

ligaments (Figure 3.6) are situated between the anterior
and posterior longitudinal ligaments. They consist of

fibers firmly attached to the intervertebral discs
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(4)

(5)

and apvarently less firmly to the vertebral

bodies.

The Ligamentum Flavum. This is a structure composed

of thick (3 mm), strona fibers. It bridges the gap
between the edges of two adjacent laminae as shown

in Fiqure 3.6 (Refs. 3 and 17).

The Interspinal Ligaments. These ligaments are fibers

which connect the root of one spinous process to the
tio of the next. Although they are thin and
membranous in the cervical and thoracic area of the
spine, they are thick and well developed in the lumbar

region (kef. 3).

d. The Muscles

The muscles involved in the vertebral column are numerous,

and their arrangement is complicated (Refs. 3 and 18). There are

three main groups:

(1)
(2)
(3)

Some

Flexors (allow flexion or forward bending).
Extensors (allow extension or backward bending).

Abductors (allow side movements and rotations).

of these muscles are shown in a tomograohic EMI picture

taken from the lumbar area of the spvine (Figure 3.7).

In these categories (1) - (3) probably the most important one is the
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one from the group of flexors, namely the erector spinae or

sacrospinal muscles.

Figure 3.7 The Muscles Surrounding the Spine (Sectional View)

The erector spinae or sacrospinal muscles exist between
the ilium and the sacrum as shown in Fiqure 3.8 with their upper
parts attached to the spinous processes of all the lumbar and

four thoracic vertebrae (Ref. 3).

e, Blood Supply of the Intevertebral Disc

It has been reported (Refs. 3 and 17) that in children
and young adults one can find small blood vessels within the
periphery of the cartilaginous end-plates. These vessels gradually
disappear so that probably by the beginning of the second decade
the intervertebral disc is found to be completely evascular. There
are only a few small vessels in the outermost layers of the ligaments,

but these vessels never penetrate into the annulus.

29

R e ] -.sﬂmww‘ o S




The disc's limited nutritional demands are probably fulfilled
by the diffusion of lymph from the marrow cavity to the cartilaginous

end-plates, which permits some lymph supply to diffuse through the

disc.
ERECTOR SPINAE MUSCLES
@) ~
L c/c./
~)
\
J
L
Figure 3.8. The Erector Spinae Muscles
2. Biochemical Review

As it was described earlier, the structure of the disc
lamella consists of collageneous fibers embedded in a mucopoly-
saccharide matrix. Next we document some general information

regarding the disc's biochemical constituents.
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a. General Information

1) Collagen
The collagen fibers appear as bundles of individual non-
branching fibrils (Refs. 19 and 20). The structure of the fibrils

consists of a core and an annulus as is shown in Figure 3.9,

ANNULUS
(POORLY \ |
x-LINKED) (oY -

b.

(a) 0Old Fibril
(b) Young Fibril

Figqure 3.9. Structure of a Fibril

Electron microscope studies have shown that in a given fiber the
diameter of the fibril's core increases with age at the expense
of the fibril's annulus, as shown in Figure 3.9.

The fibrils are made of tropocollagen molecules. Each
tropocollagen molecule is composed of three strands forming a
triple helix (Ref. 19). Each strand is made of amino acids with
glycine, proline and hydroxyroline being the primary ones. The
amino acid composition of the tropocollagen molecules appears

to be almost constant with age. Fibril growth and development
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occurs by accumulating newly formed tronocollagen molecules on

its surfaces. Furthermore, it is acceoted that the tronocollagen
molecules are strongly bonded between themselves (highly cross-
linked) in the core area and more poorly cross-linked in the
fibril's annulus. Therefore, the "annulus" will be narrower in
older fibrils than in younger ones. It seems to follow that old
fioril cores are stiffer than young ones by virtue of the increased
crosslink density. As growth continues, the fibril will tend
toward complete three-dimensional cross-linking and the "annulus"

will decrease until the whole fibril is uniformly cross-linked.

2) The Mucopolysaccharides

According to References 10 and 21, mucovolysaccharides
are composed of: Hyaloronic Acid, chondroitin sulfate (A, B, C),
heparitin sulfate, keratosulfate, and heparin. The majority of
these mucopolysaccharides appear to be nonbranched amorphous
polymers. They are covalently bound to proteins resulting in
a compound called protein-polysaccharides or mucoprotein. To the
best of our knowledge, the variation of these compounds with age
is not known for the human intervertebral disc material. However,
for the case of the skin where similar components are present,
it is known that the percentage of hyaloronic acid decreases

and the percentade of chondroitin sulfates increasas with aqge.
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Som2 of the functions of the mucooroteins are (Ref. 22):

(1) To_Stabilize Mechanically the Collagen Fibrils. The

mucoproteins act as the bonding agent between the

collagen fibrils as shown in Figure 3,10.

MUCOPROTEIN

N\

LARGER
FIBRIL
STABILIZED
WITH
MUCOPROTEIN

Figure 3.10. Stabilization of Collagen Fibrils
(Schematic)

(2) To Bind Water. These high molecular weight polymers

trap large amounts of water within their domain, an
important factor in determining their ohvsical and

mechanical properties.

(3) To Control the Synthesis of Collagen
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b. The Chemical Constituents of the Human Intervertebral Disc

Dickson, Naylor et al reoorted the percentase of hydroxy-
oroline, and thus the collagen content, as a function of age (3-89
years) for dry nucleus pulposus and annulus fibrosus (Ref. 23).
They found that in nucleus pulposus, the hydroxyoroline content
remains fairly constant after the age of 10 until the age of 65
and then decreases slightly. They reported that in the annulus
fibrosus the percentage of hydroxyproline decreases until the
age of 62 and then remains constant. The mucopolysaccharides
are present in larger amounts in the nucleus and their highest
level is reached in the 30-40 age group, declining to its lowest
level in later years. Moreover, they found that for a ruptured
disc in a younger man, the hydroxyproline content (or collagen)
of both nucleus and annulus was increased and their mucopoly-
saccharide cont=nt was reduced (Ref. 24). This is consistent
with what is found in nonruptured discs from older individuals.
Lyons et al felt that disc degeneration represents a premature
aging process (Ref. 25). Also there is little doubt that severe
damage in the disc material is a manifestation of excessive production
and aberrant arrangement of collagen in the affected disc material.
Many of the chemical details of the various processes related
to the synthesis and deterioration of these constituents are not

yet known.

Besides thes2 relatively solid components, the disc contains
a large amount of water (trapped by the mucoorotein macromolecules

as it was discussad earlier) which influences strongly its mechanical
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response characteristics. The following table gives the approximate

water variations in the disc as a function of age (Ref. 10).

Puschel indicated that the water content of the disc
decreases progressively with age (Ref. 26). Later DePukey
reported that the average person is one percent shorter at the
end of the day than in the morning on first rising (Ref. 27).

It was observed that the average daily change in body length
is two percent in the first decade and only 0.5 percent in the
eighth decade. DePuky attributed this difference in age-related

response to the decreasing water content of the disc.

Table 3.2. Approximate Water Variations in the
Human Intervertebral Disc

T e
Age At birth | By age 30 By age 75
|
Nucleus Pulposus 88% i decreased to 65% still 65%
! (gradually)
Annulus Fibrosus 78% , decreased to 70% 70% F
‘ (gradually)
3. Some Lumbar Intervertebral Disc Problems

Its unique construction and composition enable the disc to
withstand stresses varying in duration and maanitude. We may
think of the annulus as a flexible pressure vessel with the less

structured nucleus as the pressure medium. Its nearly incompressible
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behavior converts the spine-axial load into (tangential) tension
stresses in the annulus. The disc's reaction to obressure is

demonstrated in Figure 3.11.
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Figure 3.11. The Peaction of the Disc to Pressure (After Cailliet)

As one can see, the normal disc has a rounded well-hydrated intact
nucleus (Figure 3.11(a)) and under normal pressure maintains normal
vertebral separation. Compression deforms the nucleus and "bulges"
the annulus physiologically (Figure 3.11(b)). Bending (in medical
lanqguage referred to as flexion or extension) deforms the disc
nucleus (Figure 3.11(c)). Upon release of compression or bending
forces, the disc resumes its normal geometry as a result of the

intrinsic intervertebral disc opressure.

a. Ruotures

1) Annular Rupture

An annular rupture (frequently referred to as disc herniation)
of the disc is illustrated in Figure 3.12(a). It is the extrusion
of material from the nucleus pulvosus through the posterior part

of the disc (Refs. 3 and 4). This extrusion can cause pain by
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pressing on nerve endings in the ligamentous layers surrounding

the vertebrae, or on the spinal nerve.

COMPRESSED NERVE ROOT

NUCLEUS

Nyl

FACET
SYNOVIAL
CAPSULE

Figure 3.12(a). Annular Disc Rupture (Herniated Disc)

2) End Plate Rupture (Schmorl's Node)

This pathological occurrence is defined as the penetration
of nuclear material through the cartilaginous end plates into the

spongy bone of the vertebral body (Figqure 3.12(b)).

Figure 3.12(b). Schematic Representation of Schmorl's Node

b. Disc Degeneration

Degeneration of the disc implies dehydration and fragmen-
tation of the lamellae with some radial tearing. The nucleus
material escapes through the adjacent annulus and effectively

eliminates the intradiscal pressure, thus allowing the reduction

of the intervertebral height (Figure 3.13). This narrowing can

cause the posterior facets of the vertebrae to press against
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each other oroducing a crushing of their synovial caosule and
consequently pain. This problem mav occur as a result of aging

or repeated injuries associated with overloading.

COMPRESSED NERVE ROOT

: )

((( ¥ REDUCED

COMPRESSED v 24 HEIGHT
IRRITATED
SYNOVIAL
CAPSULE

Figure 3.13. Degenerated Disc
4. Diagnostic Techniques Presently in Use

In combatting the spine problems discussed earlier, reliable
diagnostic methods are needed for their identification. Presently,
the techniques in use are: exterior physical examination, and
conventional radiograms of the spine. Neither of these has proved

to be really satisfactory.

Let us briefly now look at these technigues and the problems

associated with them:

The exterior physical examination is based on testing joint
motions in the back and the legs. 1In addition, the neurological

activity is checked by testing the muscle and sensory response.
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Although low back pain is a very well-recognized symptom, disc
herniation is not always a cause of this pain. On the other hand,
disc herniation may occur at sites where nerve roots do not exist,

so that pain is not always associated with this problem.

Conventional diagnostic radiograms, necessary in the clinical
evaluation of all patients with such problems, are based on measure-
ments of the space between vertebral bodies. Unfortunately, these
measurements do not allow a satisfactory diagnosis of the problem
(Ref. 13). That is, in the majority of patients, the specific
cause of low back wmain is not always clearly demonstrated by
these radiograms. In addition, these radiograms can show, very
faintly, some features of the intervertebral disc only if properly
taken. Presently, the only way to improve the diagnosis of such
problems is by the use of contrast producing materials. More
precisely, a better visualization of the spinal canal, and indirectly
of the disc, is usually achieved by means of myelographic studies
(Refs. 3 and 4). When myelography is performed, a radiopaque sub-
stance, heavier than the spinal fluid, is introduced via a needle
into the subarachnoid or spinal canal space. By tilting the vatient
up ard down under fluoroscopic guidance, one can follow the column
of dye along the length of the spine; if, as illustrated in
Figure 3.14, a bulge or other irreqularity exists, such occurrence
may be taken as evidence of disc herniation. Myelography is used
on a routine basis orior to lumbar disc surgery, even though it
is not an accuratzs detection method (it is claimed that the method
is 80-85% accurate). For instance, in some cases the myelogram
was interpreted as nonrevealing, although surgery revealed a

disc protrusion.
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Furthermore, faulty lumbar puncture techniques used in perform-
ing the myelogram may deposit radiopaque substance outside the sub-
aracnoid space making removal much more difficult and at times
impossible. Several reports of more severe and even fatal reactions
attributed to a unique hypersensitivity to the radiopaocue substance
have appeared in the literature. As a result of the increased
sensitivity to this radiopaque material, a widespread aseotic
leptomeningitis may occur, involving not only the spine but

extending into the brain, with some cases terminating in death.

The low frequency of occurrence of these tragedies makes it
impossible to establish reasonable criteria to prevent similar future
complications. Intradermal radiopaque skin tests have been used,

but have proven to be unreliable (Ref. 3). Until satisfactory

HERNIATED DISC

SPINAL INDICATION

CANAL

(a) (b)

Figure 3.14. Schematic Representation of (a) Normal, and
(b) Herniated Disc Myelograms

guidelines can be developed, patients with a severe allergic

background, including a specific allergy to iodine, should probably
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not have radiopaque myelography. However, at present there is
research going on in the develooment of safer contrast materials

which will reduce these dangers,

In addition to myelography, discoqraohy, i.e., injection
of contrast material into the nucleus pulposus via a needle,
is used when more detailed information regarding the intervertebral
disc itself is required (Refs. 3 and 4). Both techniques are
"invasive"; i.e., they require the penetration of foreign substances
into the body and, as such, are potentially dangerous to the
individual and may cause significant discomfort during and after

the examination. There are many possible side effects associated

with these examinations.
The side effects associated with myelography are:

(1) Pain during the performance of the myelogram.

(2) Postmyelogram radiculitis resulting from nerve root ‘trauma.

(3) Postspinal headache.

(4) Meningeal irritation, in reaction to introduction of a
foreign material into the subarachnoid space.

(5) Bacterial menengitis.

(6) The irritative effects of the radiovaque substance may
produce adhesive arachnoiditis.

(7) Dye retained in the subarachnoid svace may flow into the
basilar cisterns and cerebral ventricles and produce a
basilar adhesive arachnoiditis, which may lead to

obstructive hydrocephalus.
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(8) Radiopague substance sensitivity. (Sovinal fluid exami-
nation one or two days following radiopaque myelography
will usually show from two to twenty white blood cells

per cubic centimeter associated with a moderate increase

in the spinal fluid protein, resulting in nuchal riqgidity,

headache, low grade temperature elevation and malaise.)

In the case of discography, the possible side effects are:
(1) Pain during the performance of the discogram.

(2) Nerve root trauma.

(3) Long-term effects of injecting a needle into a normal disc

may accelerate the normal degenerative changes of age and

stress.

(4) Infection following injection into an interspace.

Reviewing this large list of side effects, one should rightly

pause before considering the use of these tests.

One alternative to myelography is the use of electromyography
(Refs. 3 and 4). This technique is used to define the specific
nerve root or roots involved as manifested by changes of electrical

potential of muscles. Neither of these m2thods is foolproof.

The last alternative to the diagnostic techniques discussed
earlier is exploratory surgery of the spine which seems to be even
less desirable. Therefore, there is a great nee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>